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ABSTRACT 
Effect of Bacterial Inoculant on Alfalfa Haylage: 
Ensiling Characteristics and Milk Production 
Response when Fed to Dairy Cows 
in Early Lactation 
by 
Barb Kent, Master of Science 
Utah State University, 1988 
Major Professor: Dr. Michael J. Arambel 
Department : Animal, Dairy and Veterinary Sciences 
vi 
Third-cutting alfalfa hay harvested at bud stage in each of 2 yrs, 
treated with a live bacterial inoculant, packed in polyethylene-bonded 
bags and all owed to ensile. In both years, treated hayl age had a lower 
pH, and a period effect was found for pH and mold count, regardless of 
treatment. In year 1, there was a period effect found for acid 
detergent fiber. In year 2, mean lactic-acid-producing bacteria numbers 
(log 10) were si gni fi cantly higher for treated hayl age ( 9 .69 and 10.36) 
for control and treated haylage, respectively). Mean temperatures 
between treatments were statistically different (28.0 and 30.0 C for 
control and treated haylage, respectively). Regardless of treatment, 
1 acti c-aci d-produci ng bacteria numbers and water soluble carbohydrates 
significantly declined through time. 
For both years, treated hayl age was fed to earl y-1 actati ng dairy 
cows at 60% of the ration dry matter. In year 1, lactating cows were 
vii 
fed treated haylage for a 10-wk period, and no differences were observed 
in milk production performance or dry matter intake over cows fed 
untreated haylage. 
In year 2, cows were fed for a 6-wk period, and no differences were 
detected between treatments for milk production, milk composition, or 
dry matter intake. 
(46 pages) 
INTRODUCTION 
Due to poor drying conditions, the use of haylage rather than 
baled hay in rations has become increasingly popular. Ensiling hay has 
many advantages over baling {18): 
-decreased damage due to poor weather conditions 
-efficient use of land {can remove hay from the field quicker, 
allowing for faster regrowth) 
-allow for less loss of nutrients when compared to maturing 
feedstuffs 
-fermented feeds can be stored efficiently and after ensiling, 
nutrient quality will not diminish over time 
Quality of the ensiled material depends on feedstuff quality and 
the fermentation process. The first three to five days of fermentation 
are most critical. Van Soest {34) outlines by phase what occurs during 
these days. During Phase 1 there is production of heat and carbon 
dioxide from microbial action along with cellular respiration. During 
Phase 2 acetic acid is produced. In Phase 3 lactic acid production 
begins. During Phase 4 the production of lactic acid will dominate the 
fermentation until the process is completed {approximately day 21). 
Forage crops such as alfalfa, may contain low numbers of bacteria 
indigenous to the growing crop, and the addition of lactic-acid-
producing bacteria at ensiling can enhance the fermentation process {14, 
15, 26). The addition of viable microorganisms have been shown to 
rapidly decrease the pH of the ensiled material {7, 11, 14). 
Clostridial growth is inhibited by the rapid reduction in pH, which in 
turn can decrease the occurrence of proteolysis {20). Many in vitro 
studies have been reported using 1 acti c-aci d-producing bacteria that 
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ferment via the homofermentative pathway (10, 11 , 17, 27). These 
bacteria are more efficient at producing acid than bacteria fermenting 
sugars heterofermentati vely ( 18) . Few 1 arge-scal e studies have been 
undertaken to determine the benefit of silages treated with microbial 
inocula. Lindgren et al. (17) ensiled grass with a mixed culture of 
Lactobaci 11 us pl antariJTl and Pediococcus aci dil actici and found that 
lactic acid production did not differ between treatments; however, in in 
vitro studies greater production of lacti c acid in the inoculated 
haylage was shown. Thomas et al. (32) and Kung et al. (15) in the first 
year of a two-year trial fed alfalfa hayl age treated with a microbial 
inoculant to lactating dairy cows and found increased milk yields over 
controls. Kung et al. (15) in the second year of a two-year trial fed 
treated haylage to lactating dairy cows and did not observe a 
significant difference in milk yield, milk composition or dry matter 
intake when compared to cows fed untreated silage. 
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OBJECTIVES 
1. To examine the ensiling characteristics of alfalfa haylage treated 
with a bacterial inoculant and packed in a bonded polyethylene bag. 
2. To determine whether treatment with a bacterial inoculant affected 
nutrient quality. 
3. To determine the effect of treated hayl age on the performance of 
lactating dairy cows. 
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REVIEW OF LITERATURE 
There are two general types of fermentations that will occur after 
anaerobic conditions have been reached - -homofermentative or 
heterofermentative, depending on which lactic-acid-producing bacteria 
dominate {18). A homofermentative fermentation of glucose and fructose 
will yield 2 moles of lactate per mole of sugar fermented. McDonald et 
al. (19) found this more desirable , due to complete recovery of dry 
matter and 1 ittle loss of energy. A heterofermentative fermentation 
yields 1 mole of lactate, 1 mole of ethanol and 1 mole of carbon dioxide 
for every mole of glucose fermented . McDonald et al. (19) found that 
this resulted in a 24':; 1 ass of dry matter and 1. 7% 1 ass in energy. 
Likewise, for every three moles of fructose fermented, 1 mole of 
lactate, acetate and c arbon dioxide and 2 moles of mannitol were 
yielded. 
Many variables can influence fermentation ( such as pH, dry 
matter content of the forage , water soluble carbohydrates, 
Enterobacteriaceae and lactic-acid-producing bacterial. Microbial 
additives can be beneficial in helping to control these variables. Each 
of these variables and the effects microbial additives have on them will 
be discussed separately. 
pH in Silage 
A rapid decline in pH is important in order to have a successful 
fermentation. Large quantities of lactic acid need to be produced 
quickly for the fi na 1 pH to be between 4. 5 and 4. 0. If the pH does not 
drop rapidly, Enterobacteria may survive and compete with lactic-acid-
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producing bacteria for available water soluble carbohydrates (WSC). 
This can cause a secondary fermentation allowing residual WSC to be used 
for the production of butyric acid (26), which results in a less rapid 
decline in pH. 
The addition of microbial additives have been shown to decrease pH 
more rapidly than untreated silages, due to an increased production of 
lactic acid (6, 7, 10, 11, 13, 14, 15, 32). However, the final pH of 
the ensiled forage may not always be lower than untreated silages si nee 
fermentable substrates will be utilized regardless of treatment (15). A 
rapid decline in pH is important and can prevent proteolysis and 
clostridial fermentation (20); however, in vitro studies (10, 27) have 
shown that even though added microbial inocula can decrease pH rapidly, 
they may not always decrease proteolysis (1, 10, 15). Legumes contain 
high amounts of cations and protein which act as buffers to neutralize 
the acids produced during the ensiling process (30). 
Dry Matter in Silages 
The amount of water in the material being ensiled has a profound 
effect on the fermentation process. An inadequate amount of water 
results in a slower fermentation due to bacterial growth being inhibited 
by decreased water activity (14, 15). Though a lack of moisture is a 
major concern when ensiling, most forages contain sufficient cellular 
water and are wilted before ensiling in order to concentrate the WSC 
(18). Lindgren et al. (16) found that when forage moisture is decreased 
before ensiling clostridial growth is inhibited, reducing proteolysis 
(30). High dry matter silages are more prone to aerobic deterioration 
(25), due to the lack of moisture slowing the fermentation process. 
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Microbial inocula are thought to be best in this case (14, 15). 
Microbial inocula have a larger concentration of available sugars in 
high dry matter silages for the production of lactic acid (14). Kung et 
al. (13), however, in an in vitro study applied 375 g microbial inocula 
per ton of alfalfa hayl age at 30%, 40%, 50% and 60% dry matter and 
found that regardless of dry matter content, lactic acid production 
increased similarly while ammonia nitrogen levels decreased. It appears 
that dry matter does not greatly affect the production of lactic acid. 
Water Soluble Carbohydrates in Silage 
Large concentrations of WSC are needed for a rapid fermentation to 
occur. The principle sugars fermented to organic acids are glucose, 
fructose and, to a lesser extent, sucrose (19). With a lack of readily 
available carbohydrates a secondary fermentation can occur. This 
fermentation allows for growth of clostridia and proteolysis of plant 
protein (26). As silage/ haylage fermentation proceeds , water soluble 
carbohydrate supply decreases. Huber et al. (10) found by day 50 of the 
ensiling period, forage treated with a microbial inoculant had lower 
amounts of WSC than untreated forag; however, in both treatments a 
reduction in WSC content was observed through time. The addition of a 
microbial inocula should stimulate a more rapid depletion of WSC due to 
the increased number of lactic acid bacteria. 
Enterobacteria and Yeast in Silage 
During silage fermentation, microbes belonging to the family 
Enterobacteriaceae and genus Clostridium can compete with lactic-acid-
producing bacteria for available sugars (5, 16). Enterobacteriaceae are 
7 
can increase these numbers (16). Clostridia are obligate anaerobes and 
can multiply even though oxygen supplies have been reduced (16). During 
the initial phase of fermentation, Enterobacteria are most active (5) 
and will increase in numbers until the seventh day (17). 
Enterobacteriaceae will produce acetic acid, carbon dioxide and some 
1 actic acid from sugars. When fermentable carbohydrates are in 1 imited 
supply, Enterobacteria will utilize amino acids for energy (5), thus 
decreasing the quality of the silage. 
During storage , plant material is broken down by yeast organisms in 
the presence of oxygen. Likewise at this time, proteolytic bacteria and 
various molds can also contaminate the forage (5) . Wool ford (36) found 
that yeast can grow in the presence of 1 acti c acid but is inhibited by 
the higher carbon-chained volatile fatty acids produced during the 
fermentation process. 
Requireaents for the Use 
of an Additive 
Previously, additives used to enhance fermentation contained 
strong acids which were dangerous to handle and corroded equipment (18, 
37). Microbial inoculants are safe to handle and easy to apply. 
Seale (26) outlined some guidelines to evaluate microbial 
additives : 1) the additive must be tolerant of acidic pHs and able to 
survive at a low pH, 2) they need to ferment glucose, fructose and 
sucrose, 3) they need to rapidly decrease the pH in order to inhibit 
clostridial growth, 4) microbial additives should grow in a wide range 
of temperatures and forage moisture content and 5) additives must be 
able to compete successfully with organisms present in the silage. 
Lactic-acid-producing organisms generally meet these requirements. 
Evaluation of Lactic-Acid-
Producing Bacteria 
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Lactic-acid-producing bacteria are an essential component of 
fermentation due to rapid acidification of the forage being ensiled. 
Lactic-acid-producing bacteria are classified into two categories based 
on fermentable qualities of sugars. The categories are : 1) the lactic-
acid-producing bacteria that ferment carbohydrates via the 
homofermentative pathway and 2) bacteria that ferment via the 
heterofermentative pathway (18, 26). 
Legumes are low in the lactic - acid-producing bacteria commonly 
found on the surface of the standing crop; however, the harvesting 
process and time of cutting can increase the number of lactic-acid-
producing bacteria (26). Stirling (31 l and Anderson (3) found fewer 
than 100 lactobacilli per gram of fresh grass. Beck (5) found less that 
100 colony forming units of 1 acti c-aci d-produci ng bacteria per gram of 
alfalfa. 
During the initial phase of fermentation, Streptococci and 
Leuconostocs predominate, but are eventually replaced with Pediococci 
and Lactobacilli (21, 22, 35). Woolford and Sawczyc (37) examined 
nineteen cultures of lactic-acid-producing bacteria and found that 
Streptococcus durans (S. durans), Lactobacillus acidophil us 
(L. acidophilus) and Lactobacillus plantarum (L. plantarum) satisfied 
more of the requirements needed for an additive and suggested that a 
mixed culture of Lactobacilli and Pediococci or Lactobacilli and 
Streptococcus would result in a more effective fermentation. Woolford 
and Sawczyc ( 37 l suggested that Leuconostoc bacteria be eliminated from 
consideration because their heterofermentati ve pathway is not effective 
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at producing lactic acid. Not all Lactobacilli are suitable as 
microbial inoculants. Kirov (12) found that L. plantarum and L. casei 
are homofermentative and L. buchneri and L. brevis are 
heterofermentati ve, and they should not be considered, due to an 
inefficient fermentation for the production of lactic acid. Wool ford 
and Sawczyc (37) suggested that L. plantarum is one of the most suitable 
microorganisms for inoculation, but the pH of the ensiled forage must 
drop below 5.0 before it will produce large quantities of lactic acid to 
preserve the forage (25). Alli et al. (2) concluded that under in vitro 
conditions, L. plantarum produces the greatest amount of lactic acid 
during the first two weeks of fermentation with alfalfa as the forage 
source. 
Lindgren et al. (17) used a mixed culture of L. plantarum and P. 
acidilactici in vitro on grass and found that greater quantities of 
lactic acid were produced than with a microbial inoculum of S. faecium. 
However, when ensiled in farm scale silos there was no difference in 
lactic acid production between microbial inoculants. Shockey et al. 
(27), in an in vitro study, added a mixed culture of L. plantarllll, 
L. brevis and P. acidilactici at the rate of 1 kg additive per 2000 kg 
wet forage, which resulted in 7000 to 10,000 viable bacteria to each 
gram of wet forage. No differences in lactic acid production, pH 
decline and ammonia nitrogen levels were found when comparing 
treatments. Huber et al. (10) applied an in vitro lactic acid culture 
to alfalfa in vitro at the rate of 0.15% and found an increase in lactic 
acid concentration and a more rapid decline in pH over the untreated 
alfalfa. King et al. (11) inoculated alfalfa (43% OM) in vitro with 
different combinations of bacteria: 1) untreated, 2) L. plantarum, 3) 
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L. plantarum and S. facium, 4) L. plantarum, L. brevis and 
P. acidilactici, and 5) L. plantarum, L. brevis, P. acidilactici, 
S. diacidilactis and S. cremoris. All microbial inoculants produced a 
more rapid decline in pH than the untreated silage. Lactic acid 
production was higher for the inoculant-treated alfalfa; however, 
differences in pH and lactic acid production between inoculants were not 
significant. 
Level of Inoculant Application 
The amount of inoculate applied should be greater than the 
bacterial numbers that are already present on the plant, in order for it 
to dominate the fermentation (26). Legumes contain higher bacterial 
manbers than grass ( 26); however, time of cutting and type of forage 
harvested can affect the microbial population of the plant . Prolonged 
wilting can decrease the bacterial population (14). Inoculants are most 
beneficial when microbes are in limited supply on the plant (14). 
Seale (26) and Hellings et al. (9) suggested that inoculants should 
be applied at a minimum rate of 105 in order for the inoculation to have 
a significant effect on the fermentation process. Inoculants need to be 
applied with water for an even distribution of bacteria and should be 
applied at the harvester in the field rather than in the silo (26). 
This allows bacteria to initiate fermentation more rapidly. 
Lactating Cow Studies 
There have been very few studies performed using lactating dairy 
cows fed haylage treated with microbial inocula. Ahrens et al. (1) fed 
a grass-alfalfa mixture that was inoculated with viable bacteria at the 
0.05% level to lactating Holstein cows and did not find a significant 
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difference between treatments for dry matter intake, mi 1k production, 
percent milk protein or milk fat. Thomas et al. (32) treated alfalfa 
with a freeze-dried bacterial inoculum at the rate of 105 bacteria/ g wet 
forage. Lactating dairy cows fed t r eated haylage ad 1 ibitum produced 
1. 3 kg more milk than cows fed untreated hayl age. Kung et al • ( 15) fed 
third-cutting alfalfa treated with a microbial inoculant to lactating 
dairy cows as 60t of the ration dry matter . Cows fed treated hayl age 
produced significantly more milk than cows fed untreated haylage. Dry 
matter inta~e did not differ between treatments . In a similar study 
milk production, milk composition and feed intake were not affected by 
haylage treatment. 
TRIAL I. EFFECT OF BACTERIAL INOCULANT ON ALFALFA HAYLAGE: 
ENSILING CHARACTERISTICS AND MILK PRODUCTION RESPONSE 
WHEN FED TO DAIRY COWS IN EARLY LACTATION 
Mater;als and Methods 
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Ensiling. Third-cutting alfalfa harvested at bud stage was wilted 
to approximately 55% moisture, chopped to a 0.95 em theoretical chop 
and packed in 2.4 m x 15.2 m polyethylene-bonded bags under at least 204 
kg/cm2 pressure. Treatments consisted of a control (untreated) and 
bacterial inoculant (containing Lactobacillus plantarum and Pediococcus 
acidilactici; provided by Miles Inc., Elkhart, IN). The dry bacterial 
inoculant was shipped in dry ice according to the manufacturer's 
recommendations and diluted with water prior to application. The 
inoculant was applied during chopping at the rate of 200,000 colony-
forming units (CFU)/g of chopped material. The inoculant was applied on 
altern ate alfalfa windrows. 
Hayl age was sampled at ensiling and at 14, 35 and 56 d post-
ensiling. Samples were taken randomly from openings cut in the 
polyethylene bags; openings were then filled with dry ice and sealed. 
Hayl age samples were dried in a 60 C convection oven for 24 h, ground 
through a 1 nm mesh screen using a Wiley grinder and analyzed for dry 
matter (DM) (4), crude protein (CP) (8), acid detergent fiber (ADF) and 
acid detergent insoluble nitrogen (ADF-IN) (33). Calcium, phosphorus, 
potass i urn, magnesi urn, sulfur, zinc, manganese, copper, iron and sodi urn 
were determined by Inductively Coupled Argon Plasma spectroscopy. 
Haylage pH was determined according to the procedures of Stallings et 
13 
al . (30) . Enumeration of mold in haylage was performed according to 
procedures of Speck (29). Data were analyzed according to two - way 
analysis of variance and treatment means were tested by least 
significant difference ifF tests were significant (P<.05). 
In Vitro Trial. In vitro dry matter disappearance ( IVDMD) was 
determined on untreated and treated haylage using the first stage of 
the Tilley-Terry method (24). Ammonia nitrogen (4) and VFA were 
analyzed on the supernatant of IVDMD treatments. A portion of the 
supernatant was acidified by placing 9 parts of supernatant with 1 part 
6N HCl. The mixture was then clarified by centrifugation at 25,000 x g 
for 5 min followed by filtration through a 0.2 um membrane filter and 
analyzed for VFA using gas chromatography with a carbowax 20 M capillary 
column with a 10m x 0.5311111 x 1.33 um film thickness. 
Lactation Trial. After a 130- d ensiling period, 10 dairy cows in 
early 1 actati on were assigned randomly to one of two treatments . 
Treatments consisted of an untreated (control) or treated (bacterial 
inoculant) alfalfa haylage. Therefore, five lactating cows were 
allocated per treatment, based on age, days in milk (30-60) and milk 
production. Prior to initiation of the experimental period , cows were 
fed untreated alfalfa haylage for a 2 wk adjustment period. Both 
untreated and treated alfalfa haylage rations consisted of a 60:40 
forage to concentrate ratio. Ration composition and nutrient analysis 
are in Tables 1 and 2. Rations were fed ad libitum to allow for a 5% 
refusa 1 during a 10-wk experimental period. Feed offered and refused 
and milk yi e 1 d were recorded daily. Body weights were recorded 
bimonthly . Milk samples were obtained weekly (am-pm composite) and 
analyzed for percent protein, fat, SNF and lactose, using a Multispec M 
TABLE 1. Composition of experimental diet, trial I. 
Ingredient Diet 
('.t DM basis) 
Alfalfa haylage 60.0 
Rolled corn 36.5 
Soybean mea 1 2.95 
Dicalcium phosphate .10 
Trace mineral sal t 1 .40 
Vitamins A, D and E2 .05 
1Trace mineral salt contained: Sodium chloride, 
99.445'.1'.; Manganese, .2'.t; Iron, .30'.1'.; Copper, .033'.1'.; Zinc, 
.Ol'.t; Iodine, .007'.1'.; Cobalt, .005'.1'.. 
2 Supplement contained 2000 I.U. vitamin A, 2000 I.U. 
vitamin D, and .2 I.U. vitamin E per gram. 
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TABLE 2. Chemical analysis of diets , trial I. 
Component 
Dry matter 
Crude protei nl 
Acid detergent fiber1 
Calcium1 
Phosphorus1 
Potassium1 
Magnesium1 
Sodium1 
Sul fur1 
Zinc1 
Manganese1 
Copper1 
Iron1 
lory matter basis. 
Treatment 
Control 
't 
40.0 
16.1 
24.6 
.86 
.29 
1.08 
.37 
.11 
.22 
24.9 ppm 
39.6 ppm 
7.6 ppm 
109.3 ppm 
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Inoculant 
50.0 
16.7 
26.0 
.98 
.28 
1.13 
.40 
.09 
.23 
25.7 ppm 
38.2 ppm 
7.5 ppm 
119.6 ppm 
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Infrared Analyzer from Wheldrake, York, England. Samples of total mixed 
ration for both treatments were collected weekly, composited monthly and 
analyzed for OM , AOF, AOF-IN and CP. 
Data were analyzed according to least squares analysis with 
treatments and weeks as main effects and cow effects nested within 
treatments. 
Results and Discussions 
Ensiling . Mean mold count, pH and nutrient composition for the 
treated and untreated hayl age are i n Table 3 . The overall pH was 
significantly lower (P<.01) for treated haylage (5.11 and 5.29 for 
treated and untreated haylage, respectively). Kung et al. (14) added 
Pediococcus acidilactici and Lactobacillus plantarum to alfalfa and 
found that pH decreased in silos of farm scale; however, Lindgren et al. 
(17) reported no significant difference between the pH of ensiled grass 
inoculated with P. acidilactici and L. plantarllll and that treated with 
other inoculants used on five farm scale silos. Ahrens et al. (1) 
found that the pH of an alfalfa-grass mixture ensiled with a microbial 
inoculant was 1 ower after 6 days than that of untreated silage or 
silage containing added ammonia. A rapid decline in pH was expected, as 
the added homofermentative lactic acid bacteria outnumbered the 
heterofermentative bacteria . Homofermentative bacteria are more 
efficient in converting glucose to lactic acid ; they produce two moles 
of lactic acid per mole glucose, and heterofermentative bacteria produce 
only one mole of lactic acid per mole of glucose (18) . Increased 
lactic acid production is desirable and allows for a more rapid decline 
in pH. 
TABLE 3. Effect of haylage treatment on mold count, pH and chemical 
composition, trial I. 
Treatment 
Component Control Jnocul ant SEM1 
Mold count (x103CFU2/g) 2.39 3.06 .30 
pH 5.29a 5 .ll b .04 
CP, 't 20.39 20.46 .37 
AOF-JN, 't 3.06 3.01 .33 
ADF, % 33.63 32.65 .46 
a,bMeans in the row with different superscripts differ (P<.01). 
1standard error mean. 
2colony forming units. 
17 
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Mold counts of treated and untreated haylage were not significantly 
(P>.05} different. Nutrient composition was not significantly (P>.05} 
affected by treatment; however, ADF content tended (P<.38} to be lower 
in treated alfalfa haylage. Similar trends were observed by Ahrens et 
al. ( 1 l. 
Physical and chemical changes of haylage treatments over time are 
in Table 4. Mold counts were highest at the start of fermentation, 
regardless of treatment. Mold counts decreased by d 14 and were not 
significantly (P>.01} different for d 14, 35 and 56. A decrease in mold 
by day 14 was probably due to the establishment of an anaerobic 
en vi ronmen t. Haylage pH significantly (P<.Ol} declined through time 
(6.39, 4.96, 4.77 and 4.65 ford 1, 14, 35 and 56, respectively}. This 
is a normal fermentation pattern in cases where lactic acid bacteria 
dominated fermentation and decreased the pH to below 5. Final pH tended 
to decrease with the addition of the bacterial inoculant (4.71 and 4.59 
for control and treated hayl age, respectively}. Crude protein and ADF-
IN were unaffected (P>.05} through time; however, ADF on d 14, 35 and 56 
was significantly (P<.01} higher than on d 1. 
In Vitro. Results for NHrN, IVDMD and VFA are in Table 5. There 
were no significant (P>.05} differences between treatments for NH 3-N and 
IVDMD; however, IVDMD (P<.36} tended to be higher and NH3-N (P<.31} 
lower in treated haylage. Significantly (P<.01} more acetate was 
produced from the treated haylage during the in vitro trial (63.36 
versus 66.ll:l. for control and treated haylage, respectively}, perhaps 
due to a decrease in ADF and an increase in IVDMD that changed the type 
of microbial population. Molar percentages of isobutyrate, butyrate and 
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TABLE 4. Effect of time on haylage characteristics during the 
ensiling process, trial I. 
Time ( d1) 
Component 0 14 35 56 SEM2 
Mold count (x101CFU3/g) 814.9b .01a ND4 2.4a .4 
pH 6.39a 4.96b 4. nc 4.65c .06 
CP, % 19.9 20.8 21.4 19.6 .52 
ADF - IN, % 3.64 2.20 2.98 3.32 .47 
ADF, % 30.2a 33.3b 34.4b 34.7b .65 
1oata over time for control and treated silages were pooled. 
Six observations were used for each time period. 
2standard error of mean. 
3colony forming units. 
4Not determined. 
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TABLE 5. Effect of haylage treatment on arrmonia-N, in vitro dry 
matter disappearance ( IVDMD) and VFA concentration, trial I. 
Treatment 
Component Control Inoculant SEM1 
NHrN (mg/dl) 7.92 7.68 .17 
IVDMD 50.68 52.58 1.27 
VFA (Molar 't) 
Acetate 63. 36a 66.11 b . 53 
Pro pi on ate 18.81 18.39 .15 
I sob utyra te 1.55b 1.31 a .04 
Butyrate 10.96d 9.48c .40 
Isoval erate 2.44b 2.01a .09 
Valerate 2.88 2.71 .07 
a,bMeans in the row with different superscripts differ (P<.Ol). 
c ,dMeans in the row with different superscripts differ (P<.05). 
1standard error of mean. 
21 
isovalerate decreased when treated alfalfa haylage was used as the 
substrate source for the in vitro fermentation. 
Lactation Trial. Animal performance and body weights of lactating 
cows fed treated and untreated haylage are in Table 6. There were no 
significant (P>.05) differences in daily DM intake between treatments; 
however, cows fed treated haylage tended (P<.32) to have higher DM 
intakes. Kung et al. (15) observed similar trends in two one-year 
lactation trials. Mean daily milk yield tended (P< . 12) to be higher for 
cows fed treated haylage, results consistent with those reported by Kung 
et al. (15 ) and Thomas et al. (32), but contrary to those results 
reported by Ahrens et al. (1). Percent milk fat , protein, lactose and 
SNF were not significantly (P>.05) different between treatments. 
Production efficiency (3.5% fat-corrected milk/OM intake) was not 
affected by treatment but tended to be higher for cows fed treated 
haylage. Cow weights were unaffected (P>.05) by treatment or time. 
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TABLE 6. Effect of treatment on dry matter intake, milk yield and 
composition, production efficiency and body weight, trial I. 
Treatment 
Parameter Control Inoculant SEM1 
Intake (kg/d) 
As fed 35.8 32.1 2.97 
Dry matter intake (DMI) 18.1 20.4 1.56 
Milk yield (kg/d) 25.6 31.9 2.56 
3.5% Fat-corrected milk ( FCM) (kg/d) 24.9 29.8 2.05 
Milk composition (%) 
Fat 3.38 3.13 .10 
Protein 3.21 2.93 .12 
Lactose 5.02 5.14 .08 
Solids-non-fat 8.64 8.68 .15 
Production Efficiency 
( 3. 5% FCM/DMI) 1.38 1.46 .31 
Body weight (kg) 586.8 570.4 1.83 
1standard error of mean. 
TRIAL II: EFFECT OF LIVE BACTERIAL INOCULANT 
ON THE ENSILING CHARACTERISTICS OF ALFALFA 
HAYLAGE AND MILK PRODUCTION WHEN FED 
TO EARLY-LACTATION DAIRY COWS 
Materials and Methods 
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Ensiling. Third-cutting alfalfa was harvested at bud stage, wilted 
to approximately 65t moisture and chopped to a 0.95 em theoretical chop. 
Alfalfa was packed in 2.4m x 15.2m bonded polyethylene bags under a 
minimum of 204 kg/cm 2 pressure. Treatments included a control 
(untreated) and microbial inoculant (containing two strains of 
Lactobacillus plantarum and one strain of Pediococcus acidilactici; 
provided by Qual i Tech Inc., Chaska, Minnesota). The inoculant was 
diluted with water at time of application and applied at the chopper. 
The inoculant was applied at the rate of 300,000 colony-forming units 
(CFU)/ g of forage on alternate alfalfa windrows. 
Hayl age samples were taken at time of ensiling and 1, 2, 3, 4, 7 
and 28 d post-ensiling. Random samples were taken from holes cut in the 
bags. After samples were removed, openings were filled with dry ice to 
achieve an anaerobic environment and sealed with tape. Haylage samples 
were analyzed for pH (30), mold and lactic acid bacterial numbers (29), 
water soluble carbohydrates (WSC) (28) and alpha-amino nitrogen (23). 
Haylage temperature was taken daily for the first 13 days of ensiling. 
Haylage samples were dried in a 60°C convection oven for 24h, ground 
through a 10111 screen using a Wiley grinder and analyzed for dry matter 
(OM) (4), crude protein (CP) (8) and acid detergent fiber (ADF) (33). 
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Data were analyzed according to two-way analysis of variance with 
treatment means being tested by least squares analysis if F tests were 
significant (P<.05). 
Lactation Trial. After 120 d of ensiling, 18 dairy cows in early 
lactation were assigned randomly to one of two treatments based on age, 
days in milk and previous two-wk. milk production. Treatments consisted 
of an untreated (control) or treated (microbial inoculant) alfalfa 
haylage. Both treated and untreated haylage rations consisted of a 
60:40 forage to concentrate ratio. Ration composition is in Table 7. 
Rations were fed ad libitum for a six-week period. Daily feed intake, 
feed refusal and milk production were recorded. Body weights were 
recorded bimonthly. Milk. samples were collected once weekly (am-pm 
composite) and analyzed for percent protein, fat, SNF and lactose, using 
a Multispec M Infrared Analyzer from Wheldrake, York, England. 
Data were analyzed according to least squares analysis using 
treatment and week as main effects. Cow effects were nested within 
treatments. 
Results and Discussions 
Ensiling. Mean pH, bacterial numbers, mold count and temperature 
are shown in Table 8. There was a significant difference (P<.01) for 
overall pH between treatments (5.71 and 5.og for control and treated 
haylage, respectively). Bacterial numbers were significantly (P<.01) 
higher for the treated hayl age ( 10.36 1 og10) than for untreated hayl age 
(9.69 log10). The increase in lactic-acid-producing bacterial numbers 
is probably responsible for the lower overall pH of the treated haylage. 
Mean temperature was significantly (P<.05) higher for the treated 
TABLE 7. Composition of experimental diet, trial II. 
Ingredient Diet 
Alfalfa hayl age 
Rolled corn 
Soybean mea 1 
Dicalcium phosphate 
Trace mineral salt1 
Vitamins A, D and E2 
(%OM basis) 
60.0 
36.5 
2.95 
.10 
.40 
.OS 
1Trace mineral salt contained: Sodium chloride, 99.445%; 
Manganese, 0.2%; Iron, 0.30%; Copper, 0.033%; Zinc, 0.01:;; 
Iodine, 0.007%; Colbalt, 0.005%. 
2supplement contained 2000 I.U. vitamin A, 2000 I.U. 
vitamin D and 0.2 I.U. vitamin E per gram. 
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TABLE B. Effect of haylage treatment on mean pH, bacterial 
number, mold count and temperature, trial I I. 
Treatment 
Component Control Inoculant SEM1 
pH 5. 71 b 5.09a .07 
Bacteria (log 10) 9.69a 10.36b .07 
Mold count (xl03CFU2/gl 3.97 4.15 .14 
Temperature (celsius) 28.0c 30.0d .61 
a,bMeans in the row with different superscripts differ 
( P< .01). 
c,dMeans in the row with different superscripts differ 
(P<.05). 
1standard error mean. 
2colony forming units. 
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haylage (30.0 C and 28.0 C for treated and untreated haylage, 
respectively). Mold counts were not affected (P>.OS) by treatment. 
Except for day 0, pH was significantly (P<.01) lower for treated 
hayl age (Figure 1). Simi 1 ar results were found by Kung et al. ( 15), 
Thomas et al. (32) and Huber et al. (10). Lactic-acid-producing 
bacteria were significantly (P<.01) greater in the haylage treated with 
microbial inocula for day of ensiling and 1 and 2 d post-ensiling. By 
day 3, bacterial numbers reached their peak and were similar (P>.OS) for 
both treatments, then declined through day 7 (Figure 2). The addition 
of lactic-acid-producing bacteria to the treated haylage explains the 
higher numbers in the treated haylage, but they dominate the 
fermentation only temporarily. 
Results for WSC and alpha-amino nitrogen are shown in Table 9. Of 
the parameters measured , there were few significant differences between 
treatments. Water soluble carbohydrate content significantly (P<.01) 
declined through time regardless of treatment (Figure 3). Huber et al. 
( 10) found that by day 50 of ensiling, WSC of inocula ted silage was 
1 ower than untreated silage. Alpha-amino nitrogen content was 1 owest 
(P<.01) at day of ensiling for both treatments and increased through 
time (Figure 4). This may indicate that some proteolysis occurred in 
both treatments. McDonald (20) found that the addition of microbial 
inoculants to silage decreased proteolysis. 
Mean crude protein and acid detergent fiber of the ensi 1 ed hayl age 
was not statistically different (P>.OS) between treatments (Table 10). 
Lactation Trial. Mean body weight and animal performance results 
are in Table 11. Body weights were similar for both treatments. There 
was no significant (P>.OS) difference in OM intake between treatments. 
Figure 1. Effect of microbial addition on pH changes in ensiled alfalfa haylage, trial II. 
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Figure 2. Effect of microbial addition on lactic acid bacteria in ensiled alfalfa haylage, 
trial II. 
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TABLE 9. Effect of haylage treatment on water soluble 
carbohydrate and alpha amino nitrogen content, trial II. 
Component 
Water soluble carbohydrate 
(mmol/g) 
Alpha amino nitrogen (mmol/g) 
1standard error mean. 
Treatment 
Control 
5.37 
.61 
Inoculant 
6.04 
.68 
.20 
.03 
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Figure 3 . Effect of microbial addition on water soluble carbohydrate content in ensiled 
alfalfa haylage, trial II. 
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Figure 4. Effect of microbial addition on alpha amino nitrogen content in ensiled alfalfa 
haylage, trial II. 
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TABLE 10. Effect of haylage treatment on mean chemical 
composition , trial II. 
Treatment 
Component Control Inoculant SEM1 
CP, % 24.4 24.8 2.65 
ADF, % 26.1 26.3 3.88 
1standard error mean. 
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TABLE 11. Effect of haylage on body weight, dry matter intake, 
milk yield and composition and production efficiency, trial II. 
Treatment 
Paremeter Control Inoculant SEM1 
Body weight (kg) 567.6 547.2 5.0 
Intake (kg/ d l 
As fed 34.5 34.3 1.16 
Dry matter intake (DMI) 18.9 18.4 .89 
Milk yield (kg/d) 29.9 28.7 .62 
3.5% Fat-corrected milk (kg/d) 28.9 28.4 .83 
Milk composition (%) 
Fat 3.30 3.40 .05 
Protein 3.06 3.12 .06 
Lactose 5.04 4.97 .02 
Solids-non-fat 8.73 8.71 .06 
Production efficiency 
(3.5% fat corrected mil k/DMI) 1.53 1.54 .93 
1standard error mean. 
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Kung et al. (15) observed an increase in OM intake when feeding third-
cutting inoculated alfalfa haylage to lactating dairy cows. However, in 
a similar study the following year, no significant increase in DM intake 
was observed when feeding second-cutting inocula ted alfalfa hayl age. 
Grieve et al. (7) reported similar OM intakes when cows were fed 
inoculated silage, but the final pH was 5.1 for both inoculated and 
control silages (due to a slow filling of the silo), which could explain 
the lack. of performance with the treated silage. 
Milk. production was unaffected (P>.05) by treatment. Similar 
results were found by Ahrens et al . ( 1) and Gr i eve et al. (7), but Kung 
et al. (15) and Thomas et al. (32) observed increases in milk. yield. 
Milk. composition was not statistically (P>.05) different ; however, 
percent fat and protein tended to be lower for cows fed treated haylage. 
Production efficiency (3.5 t fat corrected milk/OM intake) was similar, 
regardless of treatment. 
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CONCLUSIONS 
Trial 1 
-pH was significantly lower for treated haylage and declined 
through time , 
- mold count significantly declined through time regardless of 
treatment, 
- acid detergent fiber was significantly lower at ensiling when 
compared to days 14, 35 and 56 d post-ensiling, 
dry matter intake tended to be higher for cows receiving treated 
hayl age, and 
- cows receiving treated hayl age tended to produce more milk than 
the control group. 
Trial 2 
- pH was significantly lower for treated haylage, 
- bacterial numbers were significantly higher for treated hayl age, 
and 
- there was no si gni fi cant difference between treatments for milk 
yield, milk composition and feed intake. 
Based on these findings, the author feels that the addition of 
microbial inoculants can be beneficial during the fermentation process, 
but that these benefits may or may not affect final feed qual i ty. 
Further research needs to be done to determine what effect, if any, 
microbial inoculants have on the performance of lactating cows. 
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